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1 1 . PU2C.tIRY 
T'miis monthly r e p o r t  c o v c r s  t he  p e r i o d  1 7  September through 1 G  
Octolicr 19G5 and i s  submi t t ed  i n  accordance w i t h  t h e  t e r m  o f  c o n t r a c t  
:J..lS53-4730. Tile g o a l  of t ' i i s  p r o s r a n  i s  t o  develop c o n c e p t u a l  and en- - i.necririrr d e s i g n s  € o r  two t y p e s  o f  Lrinnr S o l a r  R e f l e c t i n g  Beacons 
I : c c d  t i r l r i n : ~ ,  I CGL-L-; .2;,?!1n T.Iinar land in^ E l i s s ions .  One beacon 
t r i l l .  b c  v i s i b l e  f r m  t h e  en r t ! i .  The o t l i e r  vi11 I)e v i . s i b l e  from I>oth 
i:iic ; Ipol lo  Coixisnd Module and tile Lunnr E x c u r s  i o n  FIot1:ile v c l i i c l e s .  
I'lie stripe of  tile p r o g r m  encompasses s t a t i c  3nJ Jyn;ixic beacon de:;i:;n 
coi lcepts  i n c l u d i n g  t rnck in r :  beacon:; , p h n t o n e t r i c  a n a l y s i s  o f  beacon 
d e t e c t i o n ,  r c l i n b i l i t y  a s  a f f e c t e d  ! i y  ~ l i c  l l innr envircn: . ient ,  m a t e r i a l s  
.I.. 'in? 1 I. l r q i  i - beacon l o c a t  lcn r e q ' i i r m e n t s  , .i;c,igli: a n d  packa'.:inS detcr lnina-  
t Lens e n v i r o t n e n  t R 1 and .nn t e r  ia 1 s p e c  i tCic;i t i o n s  de f i n i t  i o n  , en: i n f e r  - 
in;; d e s i g n  o f  a recom:icncled beacon .-:nd :xnt! i !y  , p h a s e ,  and f i n n l  r e p o r t s .  
Ttle org;i i i iz; i t ion p l :  n a n d  t : i c  c o n t e n t  oi tiiis m n t h  ty  pr(:)gress 
L:; ':.-: conforms t (  tiic r t>qui . reaents  of pnr;!c:r~iph 3 , 3 , 1  t i t l e d  Type  I - 
I'L-Q~,:-C>SS n. I K ~ ~ , C : - Z S ,  :.rp::i NASA I n t e r i m  SpecifiL,nt ' o n  N c .  2 5 - 1  d a t e d  29 
) , I  . I I $ C  19GA a n d  A r z i c  l e  L ' I I A  o f  t hc  NAS9-4;90 ( :ontrLict  Schedu le .  
Tec!inical  r e s u l t s  f c  r t!ie fo::rtli mc n t h  c ' f  i he  progr;im i u c i u d c :  
1, Conpleted su;unriry of eqc.i.itions , pro.:r  and .onppr~zer d a t a  
r e l a t e d  tc t h e  c r i e n t  i t i o n  in.ily:;is i -ncluding rccor.~incnd:itions 
f o r  p o s s i ? ) l e  f , i t u r e  wcrk  i n  t h i s  a r e a .  
2 .  Calcu!ations f o r  t e r r c s t r i a l  2nd c i s l u n a r  beJcon s i z e s  a s  a 
f u n c t i o n  of  v i s u a l  and p!ioto ; rapl i ic  < I.ser.J;it i c n .  
3. I n v e s t i g a t i o n  o f  a d d i t i c n a l  l)clnc.cn , . cnL .ep t  
4. Analys i s  o f  oric'iiEaticjii c c r > c c p t s .  
5. D i s c u s s i ~ .  I-) c % f  sun-p~a;~pet l  ac-er .  
?Ilu;~;;ccicr,: :lL. L \ , , I  ::IC~<< ,113 1 ;'i L-: L O  be pcr l c r -ned  i n  t h e  f i f t ! i  nont!i . . .  
L~i-c '  d ~ s i  L-iiictl 
- 3 . COKCLUSIONS AND RECOXNENDATIONS 
Ttie c r i e n t a t i o n  a n n l y s i : ;  , e x c l u s i v e  o f  in:;Crllrncnt l o c a t  i c n  con- 
Beacon concep t  c c 1 ) t :  , ,;nd rile p1iotc:letry c a l c u l a t i c  ns a r e  comple t e ,  
: : t . , i , !  I.?.; ; iave a c c e l e r  i t c d  i n  t h e  p a s t  -1onth. 
A , J i s i . c  t o  PiSC, NASA,  I h u s t c n  o f  5 O c t o l ~ t ~ r  c l a r i f i e d  many pro!;rnm 
nt-crns i n c l u d i n g  31ii:nmcnt inr:Lr:l:nents, therl:lnl-;:lecll~lnical beacon CGII- 
c~ t>p : s ,  and p ! l o t c g r a ~ ) h i ~  :napping requirement:; T\ie program gu idance  
:);id t e c h n i c a l  d i r s c t  i o n  h s  b e e n  c:ninuccd f rcm t i l  i s  intcrc1i:ing:e 
l l i n i i n u i n  recoi:iinended beacon sizes f o r  v?.rious rnn!;e and d e t e c t o r  
C , I S C S  i n c l u d e  : 
a .  Fla t  t e r r e s t r i : l l  beacon f o r  l)otIi ' J i s i 1 - 1 1  and plioto!grnp\lic 
c1etcctic.n r e q u i r e s  1 . 5 3  s q u a r e  :neters  ( 2 3 7 0  squ<!rc  inc? i c s )  . 
b ,  C i s l u n n r ,  ~ ~ O O - ~ l ~ ~ , ~ t i ~ ~ ~ l - l ~ ~ ~  IC.  icc;n, r e q u i r e s  1.03 y 
sqii:irc , . ieters (1'.155 squ  re inch+::) :- I si )here  4.35  x e t e r s  i n  d i n m -  
( ' 5  ' r  ( I C -  1 fclc':) . 
These areas were c ~ i 1 ~ ' ~ l a t i . d  a s s u r l i n p  n I t i na r  maria  nlSer!o of 9 . 0 f > L B ,  
a ! l o  phascl a n g l e ,  9!)-Percent d e t c c t i o n  p r o b n b l l i t i e s  f o r  contra . -  t ,  1 / 2 -  
ar.'.: ?-:.ezdnd r e s o l u t i o n  f o r  p!iotograp!:ing and 1- a n d  5-secc>:lc! l r i s ~ ~ a 1  
. .  
' !  1:-:1:n nn,:ic?s t r ! ~ : n  C'Rrt'i 2nd (cis ltrnnr I o c n t i o n s ,  r e s p e c t i v e l v ,  
~ r c a  facEors of s a f e t y  f o r  t h e s e  beacc'ns sliorild p r c b a b l y  r:iiige - - .  L .i' 
~ I C C I J ~ C I I  2 and 10, 
some r e c e n t  Surveyor  Landing Aids have n o t  becn p u b l i s h e d ,  t h e  
s e l e c t i o n  of s a f e t y  f a c t o r  v a l u e s  n ~ y  be b i a s e d .  
S ince  d e t a i l e d  e x p e r i w n t a l  dat; i  and a n a l y s i s  on 
A sun-punped l a s e r  o f f e r s  promise a s  n beacon which c o u l d  con- 
t i n u o u s l y  t r a n s m i t  l u n a r  experi i : iental  d a t a  I 
T h e  c o n p u t e r  pro,qrarns g e n e r a t e d  have p a r t i c u l a r  v a l u e  t o  tlie 
o r i c n t a t  i on  o f  any communication d e v i c e  i u  space  wi t11  r e s p e c t  t o  tlie 
cni-t!i cr ji::r:iculaL- a r c a s  c'n ::!le enr t r l .  S(1vl.r !1 of   lie beacoii 
ouFci:Lation a n d  f las l i  locii~i.c:n conputer  s \ i h rn i i t i nes  cc:ild bcncf i t  

3 .  TECIINICAL RESUT,TS 
3 . 1  Beacon Area Ann lys i s  
Tiit. a r e n  nna lys i c ;  presenEed i n  t!ie l a s t  c:ontIily r e p o r t  has 
heen supc r sedcd  and s h c \ u l d  be disrecrnrded i'!Ie ann lys i : ;  d e t a i l e d  i n  
:lie vari5:;us f a c t o r s  :.diich i n f l ~ i ~ ~ n ~ . ~  r ! : ~  r:q:trcd , I L .  ' I ,  
r c a d c r  will n o t e  the  lack o f  any ' i nn lys i s  o f  d i f f u s e  bedcons.  
a n d  a rea  p e n a l t i e s  f o r  d i f f u s e  I~cacons p l u s  lol .~er r e f l e c t i o n  v a l u e s  
have  so f a r  f avored  t h e  s p e c u l a r  beacon c o n c e p t s .  
.- 
Wei!;ht 
'i!lcsc c o n s i d e r n t i c n s  
w i l  I hc p r e s e n t e d  in r:reater depth  i n  l a t e r  r e p o r t s .  
T b l e  3-1 s u  ui<ir izes  t h c  7 i n i n u i i  beaccln a r e a s  c a l c r t l a t c d  for 
phnt.ogrnpi1ic and visui11 obse rva t i ' 2ns  f r o m  ear:h and cislrlnclr  o r b i t .  
S i n c e  t h e  u s e  of  3 3.18 i n u l t i p l i c a t i o n  f a c t o r  for the 50% p r o b a b i l i t y  
o f  d e t e c t i o n  g i v e n  by t he  Tiffany data may be  qucs t i -oned ,  t h e  e f f e c t  
Q 
o f  i n c r e a s i n g  tliis f a c t o r  Lo 10 and  100 on t h e  r e q u i r e d  beacon a r e a s ,  
and a: i s  shown t o g e t h e r  v i t l i  t h e  r e s u l t a n t  f a c t o r  of s a f e t y  
FS 1)ased on Clie c a l c u l a t e d  and min imr .1  desi::n a rea ,  i? a n d  R o r  R d rnd 
r c s p c c t i vc 1 y , 1/11 e r e 
d FS = - 
3 
a 
Rcc.oiiinended d e s i g n  a r e a s  f o r  the beacons,  a a r e  also prcscr i tcd 
d '  
based on a r b i t r a r y  s a f e t y  f a c t v r s  of 2 f o r  t h e  c . , i r t i l - p ' ? ~ t o g r n p ~ € ~  
beacon ,  7 . 2  f o r  t h e  e a r t h - v i : ; u ~ i l l y - d c t e c t e d  lieaccln (usin:, 10 Lo GO- 
inch t e l e s c o p e s )  and 11 and 10 f c r  t h e  c i s l u n a r  photograph and v i s u a l  . 
Iie:i,:c\ris. Thcqe f a c t o r s  of  s a f e t y  w i l l  i n c r e a s e  liy a lmost  a f a c t o r  o f  





Area a ! Area a 
~ / c  or I md I 
I 2 rn 2 m 
P 
; c50 - t  i 
I 0.08 ; 1.53 
0.016 , 1.53 
3 .  Cislunar-photograph 0.08 1 .03X10-4 
i 
I 1.53 
1 0.424 I 
, 4 .  Cislunar-visual 0.0495 1.03X10-* 1 .03X10-4 
! I 
See Text and Appendix A for Nomenclature. 
L' C = Photographic contrast 
P 
Cs0 = Tiffany 50% detection contrast 
a l o  = area based on 1OCs0 visual contrast figure 
- 21 
alOO = area based on 1OOCs0 visual contrast figure 21 
" FS d /a loo  = design FS relative to aloe (instead of a) 
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Even assuming t h a t  t h e  T i f f a n y  50% v a l u e s  shou ld  be m u l t i -  
p l i e d  by 100 ,  t h c  d e s i g n  a r e a s  f o r  v i s u a l  d e t e c t i o n  have a f a c t o r  o f  
s a € c t y  o f  2 ( i . e . ,  t w i c e  t h e  a r e a  r e q u i r e d ) .  Thc pho tograph ic  beacon 
a r e 3 s ,  ass i t ;ned t h e  same d e s i g n  v a l u e s  as  c!ie v i s u a l  beacons,  have a 
FS o f  2 and 11 r e s p e c t i v e l y  f o r  e a r t h  .?nd c i s l u n a r  d e t e c t i o n ,  
The e f f e c t  o f  good s e e i n g  r e q u i r e m e n t s ,  p a r t i c u l a r l y  f o r  
t e r r e s t r i a l  photography,  i s  cliscusscd i n  Appendix A .  
Based on t h e s e  l a r g e  c i s l u n a r  s a f e t y  f a c t o r s ,  omni- 
, ' ; - c r t i n n n l  .. -  n p h c r i c a l  caps o r  l unes  would r e q u i r e  a s p h e r i c a l  r a d i u s  
of lG3 Leet .  T!iis is  i : n p r a c t i c a l  c o n s i d e r i n g  t h e  t i g h t  weighc 
tolerL1.nces.  T h e r e f o r e  , s i n c e  t!ie beacon d i a m e t e r  v n r i e s  a s  >/a o r  
a s  R ,  c o n s i d e r a t i o n  should be g i v e n  to t h e  r e d u c t i c 1 1  of  the  f a c t o r  
o f  s a f e t y  o r  t h e  range o v e r  d i i c h  tlic beacon i s  v i s u a l l y  s i g h t e d .  
A g r e a t e r  € a c t o r  of  s a f e t y  seems t o  be e s s e n t i a l  f o r  v i s a a l  s i g h t -  
in:;s, as opposed t o  p h o t o g r a p h i c ,  s i n c e  t h e r e  a r e  n o r e  U n c e r t a i n t i e s  
about t h e  v i s u a l  c o n t r a s t s  u sed .  The t r a d e o f f s  betwcen d i a m e t e r ,  
w e i ~ ; h t ,  and f a c t o r s  of safety w i l l  be d i s c u s s e d  i n  c o p j u n c t i o n  w i t 1 1  
thc  beacon c o n c e p t s .  
A n a l y s i s  of  t h e  beacon s i z e s  c i t e d  above and i n  T a b l e  3 - 1  
i n d i c a t e s  t h a t  t h e s e  new c a l c u l a t e d  a r e a s  a r e  nuch l a rge r  t h a n  e a r l i e r  
a r e a  c a l c u l a t i o n s  foclnd i n  t h e  l i c e r a t u r e  and depending on tlie FS 
and c o n t r a s t  v a l u e s  c i t e d ,  t h e  a r e a s  :ire equci! t o c r  i e s s  t h a n  boii~c 
c u r r e n t  p r e d i c t e d  a r e a  r e q u i r e m e n t s .  Tlie v a r i n t  i o n s  a r e  i n  g e n e r a l  
due t o  
1. Lunar background assumptions 
2, L i m i t a t i o n s  o f  r e s o l u t i o n  a n g l e  and t h e  c h o i c e  of 
r e s o l u t i o n  a n g l e  f o r  c o m p u t a t i o n a l  pu rposes  
3 .  Te le scope  m a g n i f i c a t i o n  f a c t o r  and i t s  i n t e r r e l n t i o n -  
s h i p  viL:ti seeing c o n d i t i o n s  
4 .  Ran:;e 
5 .  Te lc scopc  t r a n s m i s s i o n  
6, C1ioiL-e of beacon r e f l e c t a n c e  
r n  l l ? r - ,  r i ' i~c- t  of these i s  e x p l a i n e d  i I i  Appendix A ,  
& .. - 
It becomes c l e a r  t t i ' i t  r \ i t ! l e r  th . in  a r b i t r a r i l y  choosing a 
s i v m  v a l u e  f o r  each  t ine-dcpenden:  v a r i a b l e ,  1 7.robabi'  i c y  f u n c t i o n  
s h o u l d  be a s s i g n e d .  I n  th i s  way an i n t e g r a t e d  ; J L - ~  b a b i l i t y  o f  d e t e c t i o n  
cou ld  be g iven  a s  a f i g u r e  o f  n e r i t  based on til:ie-depcndent v ' l r i ab le s  
s u c h  a s  : 
1. Lunar backsround 
2 .  ResoluLion a n g l e  
3 .  Telescope  m a g n i f i c a t i o n  
4 .  Atmospheric t r<ins;i i  ; 7 i o n  
5. Beacon r e f  l ec  tanc e 
Such an e x p r e s s i o n  would be c o : g l c x  bu t  x~oulil ::ive a 
b e t t e r  concep t  o f  beacon r e l i . i b i l i t y  tli<in <ir' i t r  r i l y  cliosen va lues .  
3 .2  Beacon Conccp t s 
T h i s  s e c t i o n  r e f l e c t s  thc.  t r e a t w n t  which  w i l l  be g i v e n  
a l l  the  beacon d c s i z n  concep t s  i n  t h e  fort!ic.c\nin:; P!irise Kcport .  
Beacon c o n c e p t s  c a n  be c l a s s i f i e d  inco  two broad c a t e -  
g o r i e s  a n d  two majcr sulditln(?inl:s : 
1, O f m i d i r e c t i o n a l  
S t a t i c  - conLinuoa:; beacon 
Dynamic - f l a s h i n g  beacon 
2 .  U n i d i r e c t  i o n a l  
S t a t i c  - f l a s h i n g  
Dynamic - f l a s h i n g  
Genera l  esarnplcs o f  these c a t e g o r i e s  w i l l  be  d e s c r i b e d  
a l o n g  w i t 1 1  n m a t r i x  b a s i s  of  cociparison and d e t a i l s  o f  s p e c i f i c  t y p e .  
3.2.1 c c n e r i l  Ccmncept ili  s cus : ,  ic:n 
3 . ? .  1 1 Oanidirec:  t ionn 1 Beacons 
For t!ie c i s  l una r  \:ase, a n  o m n i J i r e c t i o n n 1  
beacon i s  a beacon which continuous!:*r s h i n e s  Cr flasiies i n  t h c  2 r  
s t e r a d i a n  or  hemisp l i c r i ca l  p o r t i o n  of t h e  c e l e s t i a l  s p h e r e  bounded on 
tlic bot tom by t h e  l o c a l  h o r i z o n  a t  "ie beacon l a n d i n g  s i c e .  Such n 
:~cacon i s  eit-hcr ; i  hcmispheru,  s p l i c r i c a l  c a p ,  o r  lune (a lune i s  t h e  
I 
s u r f a c e  between two mer id i ' l n s ;  i . e o ,  t h e  o range  p e e l  s l i c e )  o r  face ted  
approx ima t ion  t o  a sphere  i:.ltere :he a r c a  o f  each facet, a ,  i s  given by 
d i e r e  c r  i s  t h e  s o l a r  nnqu la r  subtend and d 
Each f a c e t  will  subtend a s o l i d  m::lc of 
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c c r r c s p o n d i n z  t o  a n  an::ular subtend Qf :. - 
S i n c e  :lie f1i::iit: p l a n s  of  t h e  CM and LEM 
v c i i i c l e s  a r e  d e f i n c d  and s i n c e  t h c  selenr)grap!l ic  l a t  itii<le o f  clic srin 
.~;iri.t!s by l e s s  :!i:?n r? d e g r e e s  of  A L - C ,  11 oc: : iplct~,  i ; c : : . ~ i . : , ; , i l L ~ F C ; i ?  c a p  
i s  n o t  rcq!iircJtl. A cornplere  l r ine -:47 derrrces wide ,  and +90 derTrees 
1911g, l o c a t e d  w i t h  i t s  axis on t!le l u n a r  l a n d i n g  s i t e  l a t i t a d e  and 
p o i n t e d  w i t h  i t s  p l a n e  of symmetry t c  tltc median s o l ; > r  s e l e n o g r a p h i c  
l,iti:udc, w i l l  c c n t i n u o u s l y  r e f l e c t  t o  2 -  s t e r a d i a n s  and d e f i n e s  t h e  
ma:.:iiiiu!:i o n n i d i r c c t i c n a l  coverage r e q u i r e d .  
If tlic t::ie cf :tic :?issi,:n i.s kncwn ,  t!icn a 
0 
s p h c r i c a l  cap  145 
a t  the s c l c n o g r a p h i c  1on::itudc a n d  1 : i t i t i l dc  o f  tlic s u n  a t  tile t ime o f  
t h e  i:iission will be s u i l i c i e n : : .  
i n  e v e r y  d i r e c t i o n  w i t h  i t s  o p t i c a l  ::xis p c i n t e d  
 or e a r t h  viewing c a s e ,  ;in "oninidi.rect i ona l l '  
beacon need o n l y  be a s p i i c r i c a l  a r c h  C 4  degrees  wide :ind ir45 d c s r c e s  
lonZ t o  reflect s o l a r  r a y s  concinuc>usly L'C the cnrrlil r!irc>a::hout *?c;c!i 
l u n a r  non:li (i.e., k1/2 t h e  phase a n g l e  i n  l e n g t h  and * 1 / 2  t h e  angular  
l i b r a t i o n s  o f  rlie moon i n  wi J t ' 1 ) .  
S i n c e  t h e  r;in:;e requireclent!: f o r  t h e  c i s -  
l u n a r  beacon v a r y  w i t h  ttlc posi t ic ln  o f  t-he C?i cind LEM v e h i c l e s  i n  a 
.-5 l a t i t u d e  c o r r i d o r ,  t h e  a r e a  o f  a f n c c t c d  s p h e r i c a l  a p p r o x i n a t i o n  
can bc  d e c r e a s e d  if t - l~c  riiissioii c o n s t r a i n t s  on l u n a r  p h a s e  a n g l e  a r e  
r.ic7cc c l o s c l y  d e z i n e d .  
0 
An o m n i d i r e c t i o n a l  f l a s h i n  ; beacon will 
r o t a t e  o r  o s c i l l a t e  so t l i a t  a f l a s h  w i l l  be seen a t  any  p o i n t  w i t h i n  
a 2 -  s t e r a d i a n  f i e l d  of v i e w  w i t h i n  a g i v e n  t i n e - s p a n .  The e l a p s e d  
t i m e  and f r equency  o f  each f l a s h  will depend on t h e  no t ion  and a r e a  
of t h e  beacon. 
Bas i c  subheadings f o r  o m n i d i r e c t i o n a l  
beacons i n c l u d e  : 
STLIT IC 
S p h e r i c a 1 
1. Sp!lerc - i n  b a l l o o n  
2 .  Henisphere 
3 . Lune 
4 ,  Cap - l e n t i c u l a r  i n f l a t e d  r e f l e c t o r  
5 .  Arcti 
6 .  Combinations of  tlie above 
Faceced 
1. !Iemispherical  approximat i o n  
2 Lune - approximat i o n  
3 ,  Cap - approx ima t ion ;  i . e . ,  a f l a t  i n  the l i m i t  
4 .  Arcti 
5, Combination of t h e  above shapes  
... mlsceil;illclru:, - L . c .  , ..-.-'--, UI.IU L c 112 
DYNAMIC 
S ph c r i c n 1 
1. Lune 
2 ,  Cap 
3 .  C y l i n d e r  
4 .  Arch 
5 ,  Combinations of tlie above 
Face t  cd 
1. Hemisphe r i ca l  approximation - g e o d e s i c  dome 
2 Lune approx ima t ion  
3 .  Cap approx ima t ion  - i . e . ,  one f l a t  i n  tile l i m i t  
L. C y l i n d e r  approx ima t ion  
5 ,  Arch 
6 .  Combinations of t h e  above 
Misccl lnneous 
- - ' 0 ' I - - :  . - , P k  i n n n l  R(,<2cpns 3 - L ,  L r L  , , , I L L I L L  - - - ^ _  -- 
U n i d i r e c t i o n a l  beacons a r e  h e r e i n  d e f i n e d  
as f l a s h i n g  beacons v h i c l i  Clash t o  o n l y  a p o r t i o n  o f  t h e  2;r s t e r a d i a n  
f i e l d  o €  view o f  t h e  c i s l u n a r  beacon o r  t h e  s o l i d  a n g l e  d e f i n e d  by 
+30 degrees  s e l e n o g r a p h i c  l o n g i t u d e  and 58 d e g r e e s  l a t i t u d e  f o r  the 
e a r t h  beacon. 
S i m i l a r l y ,  u n i d i r e c t i o n a l  beacons w i l l  
have the  same b a s i c  subheadings R S  t h e  o m n i d i r e c t i o n a l  beacons w i t h  
tile e x c e p t i o n  of t h o s e  w i t h  comple t e ly  o m n i d i r e c t i o n a l  shapes  such 
as  t h e  s p h e r e ,  hemisphere and h e m i s p h e r i c a l  a p p r o x i n a t i o n s  ~ These 
subhead ings  w i l l  be used i n  t h e  m a t r i x  t o  c l a s s i f y  s p e c i f i c  beacon 
concepcs 
The range c o n s t r a i n t s  a s  a f u n c t i o n  o f  the  
0 
m i s s i o n  a l t i t u d e  and k5 l n t i t u d c  < , o r r i d o r  ;ire shotm i n  F i g .  3 -1  ana  
3-2  f o r  two planc: ; ,  'snc i n c l u d i n , ;  ind one perpeiidicii lai  L o  ttic r ior t i i -  
s o u t h  m e r i d i a n  p a s s i n g  tllrcugh a bcnccn l o c a t e d  at 0 l a t i t u d e ,  
Mien t h e s e  range and n i s s i o n  c o n s t r a i n t s  a r e  comple t e ly  d e f i n e d ,  
beacon :{rea r e q u l r e n e n t s  f o r  s p e c i f  i c  beacon d e s i g n s  c a n  be reduced.  
3 , 2 . 2  Beacon Concept A n a l y s i s  Matrix 
T a b l e  3-11 shows a n  example o f  t h e  Beacon Concept 
A n a l y s i s  Ma t r ix  which w i l l  be used t o  e v a l u a t e  v a r i o u s  beacon d e s i g n  
c o n c e p t s .  Note t h a t  t h e  f l a s h i n g  beacon a r e a  s a f e t y  f a c t o r  i s  based 
o n  t h e  f a c t  t h a t  below f l a sh  t i n e s  o€ O o l  s e c ,  t h e  a r e a  x t ime i s  a 
c o n s t a n t  E 
I 
I 
-~ . r-- 73619371 
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I Earth Beacons 
Omnidirectional I 
Unidirectional i 
' 3-3 i 1.2.3 One flat 
1 
Cislunar Beacons 
Omn i d i re c t iona 1 
1.1.4 Inflatable, 3 -4 
rigidized cap I 
2.1.2 Rotating 
paddles 
2.1.3 !?@tat ing 
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Meets we igh t ,  vo1u:ne and 
FS r equ i r emen t s ,  m e t a l  
m i r r o r s  
I Meets we lz t l c  and v o l u n ~ e  
' r equ i r emen t s  s h o r t  
e r e c t i o n  t i n e ;  echo 
mate r i a  1s 
I Meets we igh t ,  volume, 
, r e l i a b i l i t y  r equ i r cmen t s  
r o t a t i o n  minimizes d u s t  
s e t t l i n g  




s t a b i l i t  
o r i e n  t a t 
I S u s c e p t i  
a r e a ,  e r  
t i o n  t ii: 
s ut s t znc! 
FS, s u s c  
me teo r  i t 
Time b e t  
E l e c t r o -  
Drive qp 
Time b d t  
r equ i r emen t s  , metal m i r r o r s ,  o v e r  2; 
, lower d u s t  s u s c e p t i b i l i t y  f l a s h  t i  
Dr ive ,  v 
t h a n  des  
, 
' ant  ages  
Teen f l a s h e s  is l o n g ,  
.cchnnical  Drivcl, 
leds h igh  Mechanical Drive under s tudy .  
leen f l n s h c \ ,  f l a s h e s  1 Frequency of  f l a s h e s  can be i n -  
t e r a d i z n s  - l Jas t ing  ' c r e a s e d  w i t h  small  i n c r e a s e  i n  ' 
e ,  Electro-McchanicaL! c y l i n d e r  weight  - f requency I 
h n e  s l i g h t l y  l a r g e r  p r o p o r t i o n a l ;  Thermo-Mechanical I 
red  I 
- 
Drive under  s t u d y .  I 
Comments 
. -  .- . -. I 
1 dependent on r of  l u n a r  c r u s t ,  
) l e  t o  d u s t ;  l a r g e  
x t i o n  and o r i e n t a -  
r e l a t i v e l y  long 
' O t h e r  r e l a t e d  d e s i g n  concepts  
, can reduce e r e c t i o n  t i m e .  
.on accuracy  i 
3 r d  r e l i a b i l i t y  and 
p t l i b l e  t o  micro-  
f a i l u r e  
Omnid i r ec t iona l  a t  one s e t  of 
s o l a r  s e l e n o g r a p h i c  c o o r d i n a t e s .  
I 
I 
Drive  speeds  can be reduced by 
u s i n g  f a c e t e d  p a d d l e s ;  Thermal- j 
F i g u r e s  a r e  siiown d e p i c t i n g  each beacon c o n c e p t ,  
Fig- 3 - 3 ,  3 - 4 ,  3 - 5 ,  3-6.  Only on  t h e  rotat in: :  c y l i n d r i c a l  segment 
heacon ( F i z .  3 -6)  i s  t h e  a n a l y s i s  ; iven  i n  d e t a i l .  T h i s  i s  o n l y  
r e p r e s e n t a t i v e  of t h e  m a t r i x  a n a l y s i s  approach and does n o t  now 
r e p r e s e n t  o u r  b e s t  recommcndntion f o r  a c i s l u n a r  beacon.  
3.2 “3 Ro ta t  i n 2  C y l i n d r i c a l  Segment Beacon Type 2 . 1  .3 
The c y l i n d r i c a l  segment beacon,  F i g o  3-G, i s  sum-  
;::::zed Fr? L1  n y e n t r r r  d p t z i  1 i n  r a b l e  3-111. B a s i c a l l y  t!ie r c t a t i o n  
of tlie c y l i n d e r  approximates  a complete  hcmisphcre  m c e  e v e r y  5 4  
seconds  The r e f l e c t i n g  c y l i n d r i c a l  segment p a n e l s  a r e  e a s i l y  
a l i p e d  and t h e r e  a r e  o n l y  a few assembly o p e r a t i o n s ,  However, t h e  
a t ~ a c h m e n t  o f  t h e  p a n e l s  t o  t h e  s u p p o r t i n g  spokes clay be d i f f i c u l t .  
No ins t rumen t  o r i e n t a t i o n  s t e p s  a r e  r e q u i r e d ,  
E l e c t r i c a l  power f o r  t h e  r o t o r  motor i s  s u p p l i e d  by 
3 s o l a r  p a n e l s  o r i e n t e d  to  ach ieve  uni form power l e v e l s  th roughout  
the s o l a r  day .  ‘rher:.ilnrnechanical c1rivc.s ‘ ire now be ing  s t u d i e d ,  
Aside irorn the efiTects o f  mic ro :ne tco r i t e s  and d u s t  
on t h e  beacon i t s e l f  , b e a r i n g ,  c~c tor  and s o l a r  p a n e l  and conve r s ion  
p i n e l  l i f e  a r e  m j o r  r e l i a b i l i t y  c o n ~ i d c r ~ ~ t i u n c  - 
3 7 $un-Pur:iped Laser  
A p p e n d i x  H d e s c r i b e s  t h e  i t a t ( .  o f  t!ic a r t  of a sun-pumped 
l a s e r  t h a t  has  unique s o l a r  convers ion  and communication p o s s i b i l i t i e s ,  
w l i i c l i ,  combined w i t t i  the a t t r i b u t e s  of the 1 n s c : r  3s  a beacon,  p r e s e n t s  
‘3 n o v e l  approach t o  a solar-powered beacon.  Ilowevtr, t r a c k i n g  a p d  
r e l i a b i l i t y  considcratlons ~ r c s m t l y  :,ivc i t  n 1 n w  r a t i n ?  f o r  t l i is  
a p p l i c a t i o n .  
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3 . 4  Ephemeris Tapes and Se lenograph ic  CC r d i n a t e s  
The i n f o r m a t i o n  on t h e  J P L  ephemeris  tapes h a s  r e c e n t l y  been 
t r a n s f e r r e d  from t h e  I B M  f o r t r a n  format t o  t h e  CDC f o r t r a n  f o r m a t .  
T h i s  means t h a t  t h e  r e c t a n g u l a r  p o s i t i o n  c o o r d i n a t e s  o f  t h e  moon and 
e a r t h  (sm, Yem, Zem and gse, Y s e ,  Z s e ,  r e s p e c t i v e l y )  a r e  nuw a v a i l a b l e  
and c a n  be employed i n  Program I o f  t h e  r e f l e c t o r  o r i e n t a t i o n  computer 
program t o  compute t h e  earth-moon d i s t a n c e ,  R ,  t h e  r i g h t  a s c e n s i o n  o f  
tile s u n ,  ci and L i l t :  s.<Lcz:grz~hir  c o o r d i n a t e s  o f  t h e  e a r t h  and s.un: 
u 
weeks and t h e  r e s u l t s  g iven  i n  t h e  nex t  monthly r e p o r t .  
- 
S ’  
A e ;  P s ’  h . These computat ions w i l l  be made w i t h i n  t h e  n e x t  f o u r  e ’  
C a l c u l a t i o n  o f  t h e  e a r t h ’ s  and s u n ’ s  s t ~ l r n o g r a p h i c  coorc i n a t e s  
a t  o n e  day i n t e r v a l s  f o r  t h e  y e a r s  1965-1980 h a s  f i n a l l y  been completed 
by JPL. They w i l l  g i v e  u s  t h i s  i n f o r m a t i o n  on a s i n g l e  ree l  o f  magne t i c  
t a p e .  I f  we employ t h e i r  r e s u l t s  i n  o u r  computer program, a l a r g e  p a r t  
o f  Program I can b e  e l i m i n a t e d .  (Refer  t o  F i g .  3-4  o f  t h e  monthly 
r e p o r t  f o r  September . )  
3 . 5  O r i e n t a t i o n  o f  t h e  R e f l e c t o r  by t h e  A s t r o n a u t  
The problem o f  d e t e r m i n i n g  t h e  azimuth and e i e u a t i o r ;  ang le s  : 
-y o f  t h e  r e f l e c t o r  normal ,  r e l a t i v e  t o  t h e  moon’s s u r f a c e ,  which e n a b l e  
t h e  r e f l e c t e d  l i g l i t  t o  s t r i k e  ;i g iven  p o i n t  on t h e  e a r t h ’ s  s u r f a c e  a t  a 
s p e c i f i e d  t i m e ,  h a s  a l r e a d y  been s o l v e d .  A p r e f e r r e d  scheme f o r  o r i e n t -  
i n g  t h e  r e f l e c t o r  i n  t h e  d e s i r e d  d i r e c t i o n  ), J ,  however, h a s  n o t  y e t  
been  dec ided  upon. Fo l lowing ,  i s  a d i s c u s s i o n  o f  two b a s i c  methods f o r  
o r i e n t i n g  t h e  m i r r o r .  
3 . 5 . 1  Method (A) 
I n  t h i s  method, t h e  a n g l e s  , G are measured d i r e c t l y  
by t h e  a s t r o n a u t .  I n  o r d e r  t o  do s o ,  he must be a b l e  t o  i d e n t i f y  t h e  
d i r e c t i o n  from t h e  m i r r o r  t o  t h e  g e o m e t r i c a l  c e n t e r  o f  t h e  moon, and t h e  
m e r i d i a n  p a s s i n g  through t h e  r e f l e c t o r .  I f  t h e  Eormer i s  de t e rmined  by 
a plumb bob o r  a l e v e l i n g  d e v i c e ,  t h r  a s t r o n a u t  w i l l  t85tabl ish t h e  l o c a l  
v e r t i c a l ,  and t h i s  cou ld  d e v i d t c  Frum t h e  d e s i r e d  r e :  LcL.tor-moon c e n t e r -  
d i r e c t i o n  by a s  muc . i i  a s  0 . 4 3 .  ( K e f d r  t o  p .  11 of  proposdl  t o  MSC.) 0 
20 
I n  o r d e r  t o  l o c a t e  t h e  m e r i d i a n  (a grea t  c i r c l e  p a s s i n g  through t h e  
"nor th"  and "south ' '  p o l e s  of  t h e  moon) p a s s i n g  th rough  t h e  r e f l e c t o r ,  
t h e  a s t r o n a u t  must e s t a b l i s h  a r e f e r e n c e  p l a n e  which passes th rough  
t h e  mirror-moon c e n t e r  d i r e c t i o n  and some s p e c i f i e d  p o i n t .  T h i s  p o i n t  
cou ld  be a landmark o n  t h e  moon w i t h  known l a t i t u d e  and l o n g i t u d e ,  o r  
i t  could be  a c e l e s t i a l  body such as  t h e  s u n ,  e a r t h  o r  a s t a r .  Having 
e s t a b l i s h e d  t h i s  p l a n e ,  t h e  a s t r o n a u t  must t h e n  be a b l e  t o  i d e n t i f y  
tlie l o c a i  mti i idia; , .  Finally. he m u s t  o r i e n t  t h e  m i r r o r  i n  the des i r ed  
d i r e c t i o n  y ,  3 .  
3 . 5 . 2  Method ( R )  
I n  t h i s  method, the a s t r o n a u t  d o e s  n o t  measure (, J 
d i r e c t l y , - b u t  i n s t e a d  measures  two o t h e r  a n g l e s  wliich a u t o m a t i c a l l y  
a l i g n  t h e  m i r r o r  normal a l o n g  t h e  d e s i r t . c l  I . .  A r e l a t i v e l y  s imple 
example o f  t h i s  method i s  t h e  l o c a t i o n  o f  t h c  m i r r o r  n o r m a l - d i r e c t i o n  
r e l a t i v e  t o  t h e  e a r t h  and t h e  a p p a r e n t  e a r t h - s u n  l i n e ,  as s e e n  trom t h e  
r e f l e c t o r  on t h e  moon's s u r f a c e .  The two a n g l e s  measured by t h e  
a s t r o n a u t  are t h e n  'f and 3 .  A d e t a i l e d  d e s c r i p t i o n  o f  t h e s e  two a n g l e s ,  
p l u s  t h e  t h e o r y  u n d e r l y i n g  t h i s  o r i e n t a t i o n  scheiiic, i s  g iven  on p p .  
14-15 o f  t h e  t h i r d  monthly r e p o r t ,  September 2 4 ,  1 9 6 5 .  The d e v i c e  
empioyed by the a s t r o n a u t  to measure t h e s e  a n g l e s  i s  shown i n  F i g .  3 -7 .  
Here, t h e  R e f l e c t o r  P e d e s t a l  i s  e v e r y t h i n g  e x c l u d i n b  t h e  S i g h t i n g  
X i r r o r  Asscmbly. The s t e p s  t aken  by t h e  a s t r o n a u t  t o  a i i g i i  t h e  i ~ r l e c -  
t o r  normal in tht. d e s i r e d  d i r e c t i o n  I ,  J are as $allows: 
1. A t t a c h  S i g h t i n g  Mi r ro r  Assembly t o  R e f l e c t o r  P l a t f o r m  
(Eyepiece on  S>iA must h e  normal t o  Axis 1) 
2 .  S e t  knob (a) ( ang le  5) t o  45 d e g r e e s  and knob (b )  ( ang le  F) 
t o  0 d e g r e e .  Make s u r e  t h a t  l' = 0 on Axis 1. 
3 .  R o t a t e  d e v i c e  on u - j o i n t  u n t i l  e a r t h  i s  c e n t e r e d  i n  e y e p i e c e .  
Normal t o  R e f l e c t o r  P la t fo rm i s  now p o i n t e d  a t  c e n t e r  o f  
e a r t h  . 
4 .  R o t a t e  R e f l e c t o r  P l a t f o r m  through s p e c i f i e d  a n g l e  Y about  
Axis 1, and l o c k  p o s i t i o n .  




.. . . .. . 
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5 .  S e t  knobs ( a )  and (b) t o  s p e c i f i e d  v a l u e s  o f  5 and r, 
r e s p e c t i v e l y .  T h i s  a l i g n s  t h e  normal o f  t h e  s i g h t i n g  m i r r o r  
i n  t h e  p r o p e r  d i r e c t i o n  t o  s i m u l a t e  3 .  
6 .  R o t a t e  R e f l e c t o r  P l a t f o r m  about  Axis 2 u n t i l  sun i s  c e n t e r e d  
i n  e y e p i e c e .  Normal t o  R e f l e c t o r  P l a t f o r m  i s  now p o i n t i n g  
i n  d e s i r e d  d i r e c t i o n  I!, 3 .  
7 .  Remove t h e  S i g h t i n g  Mi r ro r  Assembly and a t t a c h  r e f l e c t o r  t o  
p l a t f o r m .  
n--- . ..-..A. - .I ---l 
L L c ; I  u lr lpuLru V a L U e s  'i', <, ^ ,  d i  L C I I  U L  i w e i i i y  i i i i i i c i i e  i i i L e r v a i s ,  w i i i  
b e  provided t h e  a s t r o n a u t ,  so , t \ i a t  lie may o r i e n t  the K e f i e c t o r  P la t fo rm 
a t  h i s  l e i s u r e .  Expres s ions  f o r  :;, 6 ,~rc ,  gi:.er, a t  t h e  end o !  I Z p p c ~ i i d i x  (:, 
The advantage 01. Metliod ( 8 )  o'icr ?Icth,.J (i:) i s  tliat 
t h e  former a v o i d s  t h e  n e c e s s i t y  o f  e s t a b l i s h i n g  t h e  l o c a l  v e r t i c a l  and 
t h e  l o c a l  m e r i d i a n .  I t  w i l l  a l s o  be  s i m p l e r  f o r  t h e  a s t r o n a u t  t o  
l o c a t e  t h e  13:irth and sun i n  t h e  e y e p i e c e  t h a n  i t  w i l l  be to  l o c a t e  a 
s p e c i f i e d  s t a r .  0 :  c o u r s e ,  e r r o r s  w i l l  occu r  i n  t!ie !land-adjus!ncnt 
o f  a n g l e s  I ,  5 ,  = ,  b u t  s i m i l a r ,  o r  more s e r i o u s ,  t i r r o r s  a r e  l i k e l y  t L 7  
o c c u r  i n  t h e  o r i e n t a t i o n  scheme o f  Xetliud ( A ) .  
The p r e f e r r t , d  c r i c n t a t i o n  sc:,*me should be  dec ided  
upon a f t e r  c a r e f u l  d i s c u s s i o n .  
3 . 6  V i s i b i l i t y  o f  " n e f l e c t s d  i,iglit a t  O b s e r v a t i o ~ i  S i a t i v n  on E a r t h  
A s  mentioned on p p .  1 5 ,  1 7  o f  t h e  monthly r e p o r t  f o r  September,  
t h e  r e f l e c t e d  l i g h t  coming from the  m i r r o r  on t h e  moon's s u r f a c e  w i l l  be 
c o n i c a l  i n  shape ( s i n c e  t h e  sun i s  n o t  a p o i n t  s o u r c e  o f  l i g h t )  and w i l l  
i l l u m i n a t e  a c i r c l e  on t h e  e a r t h ' s  d i s c ,  w i t h  a n  ave rage  r a d i u s  o f  967 
n .  m i l e s .  Due t o  t h e  a x i a l  r o t a t i o n  o f  t h e  e a r t h  and t h e  motion o f  
t h e  moon, t h e  r e f l e c t e d  l i g h t  w i l l  move a c r o s s  t h e  e a r t h ' s  s u r f a c e .  
O f  i n t e r e s t ,  t h e n .  a r e  t h e  t i m e s  t h a t  a n  ear th-bound o b s e r v e r  e n t e r s  
and l e a v e s  t h e  c o r +  c ? f  l i g h t ,  o r  m e r e l y  e n t e r s  o r  l e a v e s  t h e  l i g h t ,  
The e q u a t i o n s  which d e t e r m i n e  t i l t ?  l e n g t h  of t i m e  t h a t  an o b s e r v e r  on 




computer .  They are  g iven  i n  t h e  append ix .  These e q u a t i o n s  c o n s t i t u t e  
Program VI1 i n  F i g .  3 - 4 ,  P .  1 9 ,  o f  t h e  September monthly r e p o r t .  An 
i n i t i a l  a t t e m p t  t o  g e n e r a t e  t h e  v i s i b i l i t y  t i m e s  on t h e  d i g i t a l  
computer gave i n c o n c l u s i v e  r e s u l t s ,  due t o  t h e  u s e  o f  cosH r a t h e r  
t h a n  sinH ( r e f e r  t o  append ix ) .  A new computa t ion ,  employing t h e  
e q u a t i o n s  g iven  i n  t h e  append ix ,  w i l l  soon be made and t h e  r e s u l t s  




4 .  PROGRAM MANAGEMENT 
The manpower l o a d i n g  c h a r t  i s  shown i n  F i g .  4-1. S e c r e t a r i a l  
c h a r g e s  have n o t  accumulated s i n c e  p u b l i c a t i o n s  have been  d i i n g  the 
b u l k  o f  t h e  t y p i n g .  S i n c e  t h i s  program has  minimal  m a t e r i a l  and o t h e r  
d i r e c t  c h a r g e s ,  t h e  f i n a n c i a l  p o s i t i o n  i s  d i r e c t l y  p r o p o r t i o n a l  t o  t h e  
l a b o r  hour s  spci i t .  
C.1 t ego r y 
E n g i i i e e r  IV 
Curnu1 a t  i v e  Hours Expended 
(Ac tua l /  Sc h e d u l e d )  
IC' J u l  13  Aut; 17  S e p  1 5  Oct  15 Nov 
Ka 1 e n  she r 441110 2011220 3741330 4821Vt0 I 5 5 0  
Stewar t  441 90 1251180 1521270 1921360 1450 
Engineer  I 
S t a r r  1610 . 1 2 2 1 0  27410 2741274 1274 
0 t h e  r Pro g r amme r s - - - 12710 I 4 5 0  
I e n  Wolby l i 2 / 1  ' 1  1260 
Design E n y i  n e r r  
- - - 
Dtsiyn D r a f t s n a n  
I'homp son o /  50 4 ) / 1 2 0  4 7 / 1 9 0  4 7 / ! 9 0  /140 
S e c r c t a r  y 01  30 01 GO 01 90 01 120 l ? ' ) O  
Publ ic  a t i o n s  0 / 1 5  l b . ; i / 3 0  52/+5 7 8 . 5 / 1 4 0  1201) 
ro t a l  104/295 i l l .  5 / 6 1 0  Y O 8 / 4 2 ?  134311380 11850 
25 
5 .  WORK TO BE PERFORMED D U R I N G  THE NEXT REPORTING MONTH 
The f o l l o w i n g  t a s k s  w i l l  be performed d u r i n g  t h e  nex t  r e p o r t i n g  
month: 
1 .  Complete beacon concep t s  i n c l u d i n g  weight  and packaging  
a n a l y s i s  
2 .  C w m p i e L t .  o r i ( 2 n r a c i o n  instr i iment  C i r t a i  \ s 
3 .  Phase I r e p o r t  
4 .  Prepa re  Oral P r e s e n t a t i o n  
The f o l l o w i n g  o u t l i n e  i s  t e n t a t i v e l y  plann’ed f o r  the 1 Decem- 
b e r  O r a l  P r e s e n t a t i o n  a t  KASA H o u s t o n :  
Time 
9:00-9:10 a .m.  
4 :  10-9: 20 
Sub jec t  S p e alt e r 
In t rod uc t i o  n Donald E .  S t ewar t  
Terminology D r  . Bernard Kalensher  





1 : 15- p.m. 
M a t e r i a l s  and D .  S t ewar t  
Environmental  
K e s i s t a n c e  
Des ign  Concepts  D .  S t ewar t  
O r i e n t a t i o n  D r .  Ka lenshe r  
Recomnendatio n s  D .  S t ewar t  
and Summary 
Genera l  D i s c u s s i o n  D r .  Ka lenshe r  and 
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APPENDIX A 
BEACON PEIOTCPIETKIC A N ~ L L Y S I S  , 
1. DETECTION VARIABLES 
-. 
i t l c ’  rc i leLi ;vL j i - ~  : c q x k z ?  fe r  t-110 drtcction of l u n a r  beacons 
depends upon t h e  fo l lowing  v a r i a b l e s  : 
1. Background b r i J i t n c s s ,  
rb  2.  Beacon r e f  l e c  t ance  , 
3 .  Sun-moon- i n s  trunient phase an,; I C ,  0 
4 .  Ins t rumen t  beacon r a n z e ,  I: 
5. I n t e g r a t e d  in s t rumen t  o p t i c a l  t i - a n s n i t t L i n i r  , ‘i’ 
0 .  I n t e g r a t e d  in s t rumen t  a n g u l a r  r c s o l u t i i n  as a f u n c t i o n  of 
Bf 
t 
a p e r t u r e ,  i n s t rumen t  e r r o r s ,  atmospheric.  seein;, (and f o r  
pho tograph ic  r e c o r d s  of  t h e  d e t e c t o r  c i r o r b )  , [> 
7 .  Atmospheric t r a n s m i t t a n c e ,  7 
8. C o n t r a s t s  r e q u i r e d  f o r  a Liven d e t e c t o r  and p r o b a b i l i t y  of 
c 
d e t e c t i o n ,  C,, - v i s u a l ,  C - pho tograph ic  ” I7 
3. Lunar beacon l o c a t i o n  
T h e  f o l l o w i n s  s e c t i o n s  d e s c r i b e  t h e  a n a l y s i s  r e q u i r e d  f o r  beacon 
s i z i n g  , t h e  major v a r i a b l e s  i n  d e t a i l ,  r e p r e s e n t a t i v t  c a l c u l a t i o n s ,  
and beacon a r e a  recommendations.  
2 .  C i W ~  PIIOTOIETRY ‘IHLORY 
I J i th  a c a n e r a ,  t h e  f i e l d  b r i g h t n e s s ,  B f ,  i s  dec reased  on ly  by t h e  
a t m o s p h e r i c  and camera t r a n s m i t t a n c e  l o s s e s ,  ‘I‘ ,in<! T S O  t h a t  t h e  
a p p a r e n t  f i e l d  b r i g h t n e s s ,  
e t ’  
a t  t h e  d e t e c t o r  i s  
Baf ’ 
Bat = T T t  Bf e 
A- 1 
u 
B u t  B i s  r e l a t e d  t o  t h e  l u n a r  f i e l d  a l b e d o  o r  r c f l e i t a n c e  L L  0 phase 
a n g l e ,  a t h e  phase ang le  r e f l e c t i o n  r a t i o  f o r  a : iven l u n a r  l o c a t i o n ,  
ICo, t h e  solar i l l u m i n a n c e  of t h c  moon, E s ,  and 11 so  t h a t  
€ 
f ’  
1; a E 0 f s  B =  f x 




fJ = - 
2 
4 N  
wh e r e 
f .  1. E=---- 
D 
0 
T h e r e f o r e ,  from Eqs .  3 ,  4 ,  and 5 ,  
( 5 )  
S i n c e  t h e  bcacon s i z e  w i l l  be less than  t h e  r c s o l u t i o n  l i r i t  of 
t h e  d e t e c . t i o n  i n s t r u m e n t s ,  i t  can be  cons ide rcd  as a point :  s o u r c e  
hav ing  an  image w i i i c h  i s  a d i f f r a c t i o n  p a t t e r n ,  84 pcrcen’; of the 
ener;y f a l l i n g  i n t o  the  A i r y  o r  f i r s t - d i f L r a c t i o n  d i s c . .  ‘?he i11ur:ii- 
nance  of t h e  image from a p o i n t  scl.:rcc, E 
i n c i d e n t  i l l u m i n a n c e ,  
f .  l . ,  t h e  t r a n s m i t t a n c e  loss, ‘I‘ and the i n t c g r a t e d  r c s o l u t i o n  l i m i t ,  
i s  t hen  r e l a t e d  t o  t h e  
a b  ’ 
t h e  o b j e c t i v e  diacietcr  ) D f o c a l  length,  Eob’  0 ’  
t ’  
R h., 
I d ,  ” 3  
Eab = 0.84 T E 1 -  Do --2 
t ob p f . 1 . d  
Note t h a t  Lhe a n g l e ,  I ? ,  a , p r o a z h e s  [ 1 . 2 2  h / D o ]  f o r  p e r f e c t  sc.in; where 
. i s  :1iL, l i g h t  wnvelcsn;!!:. E i, i-e:ated t o  l-hl bcncon a l . pa r t , i t  s o l i d  
a n g u l a r  s u b t e n d ,  t h e  s o l a r  s o l i d  a n g u l a r  sub tend  a t  t h e  !icacon, -. S ’  
and tlie beacon i l l u m i n a n c e ,  E b ,  and the a tmusphe r i c  t r n n s n l i t t a n c e ,  T 
s o  t h a t  
ob  
e’ 
b u t  t h e  beacon i l l u m i n a n c e  i s  d i r c c c l q  i e l a t ~ ~ 1  to tlie i n c i d e n t  s o l a r  
i l l u m i n a n c e ,  E and beacon r e f  lei  Lance, rb :  
S ’  
and t h e  beacon a n g u l a r  sub tend  i s  r e l a t e d  t o  tlie projcctecl  beacon 
a rea ,  a cosd /2  ( i . c .  , the  beacon n i r r o r  m u s t  be perpc i id iL . .hL-  t o  tlie 
b i s e c t o r  of t h e  phase  m:;le t o  be seen) and tlie ran,:e, K .  so  t h a t :  
e 
3 cos,  - 
2 n =  
b R  
Combining E q s .  6 ,  8 ,  3, 10,  and 11 
The a p p a r e n t  f i e l d  and beacon i l l u m i n a n c e s  are r e l a t e d  t o  t h e  




E - E 
a b  a f  - c =  i: E ? 
By d i r e c t  s u b s t i t u t i o n  of E q s .  7 and 1 2  i n t o  E q .  13 
e 
3.36 a cos- r 
I<, a 9 f. Ii 
2 b  
2 2  
c - 1 -  ] z= 
P 
.q f s 
I 
Transpos ing  
2 2  ar Ice af Rs R I: 
P 
b -   ( c  i 1) I <  
3 .36  c o s  2 
Note t h a t  t h i s  r e l a t i o n s h i p  i s  independent  o f  t h e  s o l a r  i l l u n i n n n c e  , 
t r a n s m i t t a n c e  v a l u e s  , and €/number ( N )  , excep t  as they  a f f e c t  the 
c o n t r a s t  and r e s o l u t i o n  v a l u e s ,  of t h e  systcm. I n  cases where seein;;  
c o n d i t i o n s  gove rn  t h e  r e s o l u t i o n  a n g l e ,  g ,  t h e  camera d i a m e t e r  w i l l  
o n l y  a f f e c t  t h e  f i l m  speed used and t h e  t i m e  over  which sceiq; coucli- 
t i o n s  are i n t e g r a t e d .  
A log-log p l o t  o f  t h e  a r e a  f a c t o r ,  arb/(C 4- l ) , v e r s u s  p y i e l d s  
P 
a ser ies  of s t r a i g h t  l i n e s  f o r  each phase a n q l e .  The v i s u a l  and 
pho tograph ic  beacon a r e a s  a re  both c l o s c l y  r e l a t e d .  F i g u r e s  1 and 2 
arc  p l o t s  Lor r a n g e s  of 400 n a u t i c a l  m i l e s  and 207,000 n a u t i c a l  m i l e s ,  
e a r t h - n o o n  inean d i s t a n c e  , r e s p e c t i v e l y .  
Le t  u s  now compare v i s u a l  t e l e s c o p e  ~ h e o l - y  w i t h  t h e  above.  
3 .  VISUAL TELESCOPE PHOTOMETRY THEORY 
The a p p a r e n t  f i e l d  b r i g h t n e s s  of a t e lescope  can  be reduced i f  
the  exit p u p i l j  d j  i s  snialler than the eye p u p i l ,  d which i s  t h e  
c a s e  f o r  a s t r o n o m i c a l  t e l e s c o p e s ,  by t h e  r a L i o  of t h e i r  areas ,  ( d / d  ) 
s 0 that  
e )  
2 
e 
d )2  
Ba f = Te T t  (d e ,' Ef 














v, w u 
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9 
E X A M P L E :  SEE TEXT I 
t----- c---- -- - 
0.01 0.1 1 .o 
p IN SECS OF ARC 
10 
. .  I .d 
1 10 
p IN SECS OF ARC 
100 
By combining E q s .  2 and 16  
The a p p a r e n t  b r i z h t n e s s  of t h e  beacon , Bab , and t h e  a p p a r e n t  i l l u n i -  
nance are r e l a t e d  t o  the  s o l i d  n n s l e  subtended  by t h e  e y e ,  A a f t e r  e '  
m ~ n i i i c a t i o n ,  P I ,  o i  L ~ I C  c ~ t ~ l ; ~ c  7 .-LLssl.-;cd , p ,  b y  
e 
Mow E i s  re la ted  to the i n c i d e n t  i l l u n i n n n c c ,  J: 
c a t i o n  and t r a n s n i t t m c e  by 
and the magn i f i -  
ab  ob 
By s u b s t i t u t i n g  E q s .  9 ,  1 0 ,  11, and 20 i n t o  E q .  i V  
r e q u i r e d  f o r  beacon r e f l e c t i o n  i s  re la ted 
cv 
Now the v i s u a l  c o n t r a s t  , 
t o  B and B by 
ab af 
- 1  Bab - 'ai - 'ab 
af Ba I B 
c =  
V 
T h e r e f o r e ,  combining E q s .  1 7 ,  2 1 ,  and 22 y i ' c ld s  
Recombining and se t t i n ; :  4 = [ 3 . 3 6 / 0 . 8 4 ]  
1 2 .. - - 2  - 2  A cl . L  1% 1, 
b f s  - I r ue-' d L  b 
0 
V 3.36 cos- 2 
0.84 ( C  i- 1) L-Tl 
Note t h a t  t h e  r i r ; h t  s i d e  of t h e  e q u a t i o n  i s  the  sam as E q .  15 and 
t h a t  t h e  l e f t  s i d e  d i f f e r s  o n l y  by the  s u b s t i t u t i o n  o f  C f o r  C and P 2 
t h e  f i e l d  b r i g h t n e s s  r e d u c t i o n  r a t i o  of ( d / d  ) and the f a c t  t h a t  eye  
f a c t o r .  T h e r e f o r e ,  w i t h  t h e  s u b s t i t u t i o n  of t h e  l e f t  s i d e  o f  i:q. 2 4  
f o r  t h e  l e f t  s i d e  of E q .  1 5 ,  F i g s .  1 m d  2 can  be  used f o r  both photo-  
g r a p h i c  and v i s u a l  beacon c a l c u l a t i o n s .  Note that  C q .  24 i s  indcpcndent  
of the s o l a r  i l l u m i n a n c e  , t r a n s m i t  t ance  , and t e l e s c o p e  d i a n e t c r  v a l u e s  
e x c e p t  as t h e y  a f f e c t  t h c  c o n t r a s t  and r e s o l u t i o n  v a l u e s  of t h e  d c t e c -  
V 
conLras t  v a l u e s  a l r e a d y  i n t e g r a t e  the  0.34 A i r y  e d i s c  ene rgy  c o l l e c t i o n  
i-. L ~ G E  S y s t e m .  
The e x i t  p u p i l ,  d ,  i s  a f u n c t i o n  of t h e  t e l e s c o p e  o b j e c t i v e  




d = -  
E q u a t i o n  24 t h e n  becomes 
2 rM -2 I< a 9s R 2 2  fi 
O f  ar d - 
0 
3.3b cos- 2 
1 -  - b e  
0.84 ( C  + 1) -Dol 
V 
where  M/D i s  the m a g n i f i c a t i o n  pe r  u n i t  d i a m e t e r .  
0 
697 6-?iL-4 A- 8 
Now let u s  a n a l y z e  E q s .  15 and 16  b e f o r e  d i s c u s s i n : ;  C 
i n  d e p t h .  For  any g i v e n  phase ang le  and l and ing  s i t e ,  the terns 
:; a. 9 / 2 , . 3 6  a r e  c o n s t a n t .  Both KO and a a r e  d i s c u s s e d  i n  a n o t h e r  
s c c t i o n .  l l i e r c f o r c ,  t h e  beacon a r e a  v a r i e s  as  L h e  squa re  of t h e  r a n z e  
and t h e  s q u a r e  of t h e  r e s o l u t i o n  a n g l e .  For any g i v c n  viewing c a s e ,  
t h e  r ange  w i l l  be c o n s t a n t .  T h e r e f o r e ,  tlie r e s o l u t i o n  a q l e  chosen 
w i l l  be a major  f a c t o r  i n  dc te rc i in ing  beacon a r e a .  Th i s  c h o i c e  i s ,  
and Cv 
P 
!I  t s f 
t i>p rp fn rc i  t l i ~  <ii l>j~rt n+ l.;tL L;”:iL:.* L-~c::i:;g 2: :!iL LL:: 
s i d e  of  E q s .  15 an2 1 6 ,  the  a r e a  w i l l  be i n v e r s e l y  p r o p o r t i o n a l  t o  
the  beacon r e f l e c t a n c e .  O f  a l l  the ~ , ~ a r F a b l ~ . ~ s  i.11 ..;IC!! , l q l : n t i r m ,  t h i s  
p robab ly  ’has the g r e a t e s t  p o s s i b l e  ran:;e i n  v a l , : ~ ~  Lc1!ci:.;ing (in tlic 
d e g r a d a t i o n  a n a l y s i s  and space  nicror. ictcol:oid d a t a  one lises. ‘l’hcrc- 
f o r e  beacon r e f l e c t a n c e  i s  also the  s u b j e c t  of a s e p a r a t e  s c c t i o n .  
Both e q u a t i o n s  have s i n i l a r  terms ( C  -I- 1) and C., -;- 1) r c l a t c d  
P V 
t o  pho tograph ic  and v i s u a l  d e t e c t i o n  s o n t r J s t  r c s p c c t i v c l y .  It w i l l  
be shown t h a t  b o t h  C and C a r e  less i h n n  1 so t h a t  t h e  beacon areas 
r e q u i r e d  are  r e l a t i v e l y  i n s e n s i t i v e  t o  cc )n t r c i s t  cl ianzes.  The c .on t r a s t  
v a l u e s  w i l l  be d i s c u s s e d  i n  t h e  nex t  s ec t ion .  
P V 
F i n a l l y ,  t h e  v i s u a l  d e t e c t  ion  i s  I i iSh ly  dependent  on rlic magnif i-  
c a t i o n  p e r  u n i t  t e l e s c o p e  d i a n e t e r  wlicre i n  practice tlie r a t i o  w i l l  be 
between 0.4 and 2 .0  f o r  most c o n d i t i o n s .  S i n c e  t h e  p r a c t i c a l  m a p i f i -  
cation pcr  u n i t  ~ c l e s c o p e  d i ame te r  s eem i n v e r s e l y  p r o p o r t i o n a l  t o  
s e e i n g  c o n d i t i o n s  which l i m i t  [2 n o s t  of the t i a e ,  usin;; l i m i t e d  d a t a  
by Bowen, t h e n  the a r m  of t h e  beacon a p p e a r s  to v a r y  as which 
i n d i c a t e s  t h e  g r e a t  dependence O L  beacuri  J e t t i t i d l 1  c)n scciilg c J : i G i -  
L ions .  
4 
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4 .  CONTRAST 
The degree  of pho tograph ic  or v i s u a l  c o n t r a s t  r e q u i r e d  f o r  
d e t e c t i o n  i s  dependent  on both the d e s i r e d  p r o b a b i l i t y  of d e t e c t i o n  
and t h e  ' d e t e c t o r  e f f i c i e n c y .  
4, i Fiioto;:raphic c o n t r a s t  
Pho tograph ic  c o n t r a s t  used h e r e i n  i s  g i v e n  by 
F i lms  are  c l a s s i f i e d  i n  t c r n s  of deve lopncn t  c o n t r a s t ,  y ,  
l og  I ,  d e n s i t y  d i f f e r e n c e s ,  A D ,  wllcre D = l o g  l / t r n n s m i s s i o n ,  and A 
t h e  d i f f e r e n c e s  i n  t h e  l o g s  o f  the exposurcs  i n  m e t ~ , r - c ~ n d l e - s c c o n d s ,  
so  t h a t  
b u t  
( 2 7 )  
CD 
= s l o g  I 
s o  t h a t  
L 
af  
For  each p h o t o g r a p h i c  f i l m  t h e r e  i s  a n  r m s  g r a i n i n e s s  d e n s i t y  v a r i a t i o n  
o f  s t a n d a r d  d e v i a t i o n ,  u ,  where c i s  measured i n  t h e  same u n i t s  as D .  
Fo r  a d e t e c t i o n  p r o b a b i l i t y  of  3 9 . 7  p e r c e n t ,  a d e n s i t y  d i f f e r e n c e  AD 
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of  30 i s  r e q u i r e d .  
u red  a t  f i e l d  b r i g h t n e s s  exposrire encrg:: I l e v e l .  a i s  measured 
from mic rodens i tome te r  r e a d i n g s  and w i l l  v a r y  a c c o r d i n &  to t h e  s l i t  
w i d t h ,  d ,  of t h e  m i c r o d e n s i t o m e t e r ,  which r a n g e s  from 5 t o  25 r i i c rons  
(0.0002 t o  0.001 inch)  wide acco rd ing  t o  t h e  r e l a t i o n s h i p  
y i s  t h e  s l o p e  of  t h c  D v e r s u s  log  I c u r v e  neas- 
1 
i ? 3 .0  
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f i e r e f o r e  , t h e  mic rodens i tome te r  used t o  evalliclte 1,indr photoqraphs 
shou ld  have t h e  same w i d t h  as t h e  s l i t  used i n  t h e  r m s  g r a i n i n e s s  
measurement , t o  a c h i e v e  t h e  r e s u l t s  p r e d i c t e d  from t h e o r y .  
For minimum s e e i n g  d i s t u r b a n c e s ,  t h e  f i l m  exposure  t i m e  
shou ld  be s h o r t  and t h e r e f o r e ,  the exposure  index  h i g h .  Exposures , 
t ,  1 / 2 5  second o r  less  a rc  d e s i r a b l e .  The exposure  e n e r g y ,  I ,  i s  
g i v e n  by t h e  f o l l o w i n g  term d e r i v e d  by combining Eqs. 7 and 28: 
and 
Te T t  I<@ a f  Es t 




A . S . A .  f i l m  r e a d i n g  = - I 
2 
For 're = 0.70,  Tf = 0 . 7 0 ,  KO = 1, a f = 0.065,  Es = 140,000 lumens/m 
?J = 1 6 ,  2nd t = 0.04 
1 
0.174 A . S . A .  = -= 5.75 
For  f i l m s  o f  e q u a l  o r  h i g h e r  A . S . A .  v a l u e ,  many have y ' s  e q u a l  o r  
g r e a t e r  t h a n  3.0 and 0 ' s  less than o r  e q u a l  t o  0.1. T h e r e f o r e  
T h i s  v a l u e  h a s  been used i n  all pho tograph ic  c a l c u l a t i o n s  and a p p e a r s  
q u i t e  c o n s e r v a t i v e  due t o  t h e  c o n s e r v a t i v e  f i l m  as sumpt ions .  
Assume t h a t  1 / 2  s e c  s e e i n g ,  F = 1 / 2  s e c ,  i s  p r a c t i c a l  f o r  a 
g i v e n  s i t e ,  i . e . ,  a t  l e a s t  10 p e r c e n t  of t h e  t i m e  a t  Pic-du-Hich i l l  
F rance  and t h a t  t h e  t e l e s c o p e  h a s  a r e s o l u t i o n  b e t t e r  t han  1 / 2  s e c  
of  a r c .  ‘llicn from F i g .  1 dr‘iwn w i t h  t h i s  example t h e  area f a c t o r  
ar  / ( C  C 1) i s  1.13 s q u a r e  me te r s  f o r  a 0-degree phase angle s i d h t -  
i n &  a t  U degrcc.  L o n g l t ~ i d c .  I t i e r c fo rc ,  f o r  a r c i i c c t a n c e  of 6.86 anci 
( C  4- 1) = 1.08 above ,  a = 1 . 5 3  square meters ( 1 6 . 5  s q u a r e  f e e t ) .  
b P  
P 
Other pho tograph ic  d e t e c t i o n  beacon areas were c a l c u l a t e d  
i n  a similar f a s h i o n .  
4 .2  V i s u a l  C o n t r a s t  
V i s u a l  c o n t r a s t  r e q u i r e d  f o r  d e t e c t i o n  has been t h e  s u b j e c t  
of numerous i n v e s t i g a t i o n s  , many of which a re  s u m m r i z e d  by i n y l o r  
( 1 9 6 4 ) .  
( 1 9 4 6 )  who r e p o r t e d  t h e  T i f f a n y  Data. 
viewing c o n d i t i o n s  c h a r a c t e r i z e d  by t h e  i o l l o w i n g  f a c t o r s :  
I n  g e n e r a l ,  most c a l c u l a t i o n s  r e f e r  t o  t h e  work  of Blackwell  
Jiese d a t a  r e p r e s e n t e d  s p e c i a l  
1. Uniform c i r c u l a r  t a r g e t s  
2.  Uniform background 
3. B inocu ia r  v i s i o n  
4 .  Known t i m e  of s t i m u l u s  
5. Known d i r e c t i o n  of s t i m u l u s  
6.  T ra ined  o b s e r v e r s  
The T i f f a n y  d a t a  a r e  r e p o r t e d  f o r  a 50 -pe rcen t  p r o b a b i l i t y  
Tay lo r  has  summarized v a r i o u s  c o r r e c t i o n  f a c t o r s  ‘50’ of d e  t ec t i o n ,  
f o r  mod i fy ing  t h e  o r i g i n a l  Blaclcwwell da t a  f o r  a p p l i c a t i o n  t o  p r a c t i c a l  
c o n d i t i o n s .  These are summarized i n  Table  1. For beacon c a l c u l a t i o n s ,  
t h e  c o n t r a s t ,  C used i s  r e l a t e d  t o  t h e  c o r r e c t i o n  values  i n  tlic 
t a b l e ,  K , I \ ,  Kv,  Kt, and t h e  o r i g i n a l  d a t a ,  T i f f a n y  Data C 5 0 ,  by 
V ’  
P 
c: v = I< p b v  I’ I< Kt  c50 ( 3 3 )  
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TABLE 1 
C O R R E C T I O N  FACTORS FOR BLACKWELL DATA 
I 
F a c t o r  




n r o t  
II J 10 
99% 
Kb 2.  T a r g e t  P r o p e r t i e s  , 
Known F a c t o r s  
L o c a t i o n  T ime  - S i z e  D u r a t i o n  
X X X X 
x X x 
x .  x 
X X 
X 
X X X 
1 . 0  
1 .50  
1. 6L!+ 
1 . 9 1  
1 .00  
1.40 
1.60 
1 .50  
1 .45  
1.31 
3. V i g i l a n c e ,  I< 
V 1.19 
Kt 
4. T r a i n i n g ,  
T ra ined  
Un t ra ined  
1.00 
1.90 
?? lues  o f  K 
r e p r c s e n t i n g  a 93 -pe rcen t  d e t e c t i o n  p r o l T a b i l i t y ,  unlcnown f l a s h  t ime 
( i . e . ,  n o t  a n  o m n i d i r e c t i o n a l  bea.coii), cl v i g i l a n t  and  t r a i n e d  o b s e r v e r  
o r  C = 3.18 C50.  
f a c t o r s  f o r  t h e  T i f f a n y  d a t a .  
f a c t o r  of 2 ,  beacon a r e a s  w i l l  on ly  i n c r e a s e  by 20 percent:  f o r  t h e  
w o r s t  p r a c t i c a l  t e l e s c o p i c  v i s u a l  c a s e .  
= 1 . 3 1  ~ K.b = 1 - 4 0 ;  I.; = 1 . 1 9 ,  and I< = 1.00 were choscn 
1’ V C 
T h i s  i s  t h e  range of p r e s e n t l y  accep ted  c o n v c r s i o n  
V 
Even i f  t h i s  f a c t o r  is i n  e r r o r  by a 
The v i s u a l  c o n t r a s t :  i s  a f u n c t i o n  of a p p a r e n t  f i e l d  b r i g h t -  
ness, B a f ,  and a p p a r e n t  beacon angu la r  s u b t e n d ,  MI?. Baf can  be 
de termined  from a p l o t  of B d 2 v e r s u s  B ( F i . , .  3)  where by r e a r -  a f  af e 
r ang ing  E q .  16 
7 
Baf d2 e = T e T t  d" Bf t 3 4 )  
which by s u b s t i t u t i u r i  oi i:q. 2 5  i s  
For t h c  2 8 X ,  1 .58- inch  CM s e x t a n t  s ight in , ;  on 0-degree phase an;le a t  
'i' = 1 .0 ,  i = 0 . 2 7 ,  D />I = 1.443 rLim = d ,  K = 1 ,  a = O.Ob5, 11 = 14.0 
0 e f S C 1 
candles/cm2. l % e r c f o r e ,  B 
Baf d = -3 .20s) .  
t h e  a p p a r e n t  f i e l d  b r ig l i t ncs s  i s  1.58 s 10 - 2  candles /cm 2 . 
d 2  = 1 . 6 1  x 10 -3 cand les  (and log 
Lt f e 2 
e 
Reading from Fig .  3 ,  which i s  drawn showing t h i s  example,  
O r i g i n a l  smootlicd T i f f a n y  d i t a ,  t aken  from Blacicwcll ( 1 9 4 6 )  
and conve r t ed  t o  br igl i l lncsscs  i n  i and le s / cmi ,  a rc  shown i n  Fi!;. 4 .  
Assuming a s e x t a n t  r e s o l u t i o n  o f  5 seconds  , which i s  c o n s e r v a t i v e  
compared w i t h  t h e  3.5 seconds  v a l u e  de te rmined  from ( 1 . 2 2  h/D ) ,  t h e  
a p p a r e n t  beacon a n g u l a r  subtend  w i l l  be  2 .33 minutes  of a r c .  
p l o t  of C 
u s i n g  F i g .  4 f o r  c ros s  p l o t  d a t a ,  shows t h a t  C = 4.95  x a t  
0 
A c r o s s  
versus  2 ,  not- shown he re ,  f o r  c o n s t a n t ,  BBf = 1.58 x 
V 
50 
8 = 2.33 minu tes .  From above ,  C = 3.15 C50.  .*. C -1- 1 = 1. 157. 
V V 2 Knowing Baf de  and 13 . 
ai 
2 B . d  ai e 
Ba f e 




FIELD BRIGHTNESS, B F ~  , candles cm-2 
" 
10 
7 - 8 :  2.33' 
- 3  ' I I I I  I 
-3 -2  -1 0 - 4  
LOG APPARENT FIELD BRIGHTNESS, Baf, 
I N  CANDLESIcm 2 
I 9340 
~- 
Assume r = 0.80;  d was 1.443 m from above .  From F i g .  2 f o r  a F = 5 




-4  2 
fi = 4 . 2 1  x 10 m b 
ar  
L 
0.84 ( C  + 1 )  (%) 
V e 
S l l h s t i t u t i o n  of t h c  v a l u e s  l i s t e d  above y i e l d s  a r e q u i r e d  beacon a r e a  
of 1.03 cm2 or  0.16  s q u a r e  inch .  
d e t e c t i o n  were c a l c u l a t e d  i n  a similar f a s h i o n .  This  co r re sponds  t o  
a s p h e r i c a l  beacon d i a m e t e r ,  d s ,  of 4.35 m e t e r s  ( o r  1 6 . 3  f e e t )  d i s r e -  
g a r d i n g  thc  n e g a t i v e  c o n t r a s t  e f f e c t s  of t h e  a p p a r e n t l y  n o n r e f l e c t i v e  
p o r t i o n s  of t h e  moon. The s p h e r i c a l  d i a m e t e r  i s  r e l a t e d  t o  t h e  a r e a  
by t h e  r e l a t i o n s h i p  
Othcr beacon arecis f u r  V i s u a l  
where Q: i s  t h e  s o l a r  a n g u l a r  subtend .  
A - 1 7  
5. BEACON REFLECTANCE 
P o s s i b l e  d e g r a d a t i o n  i n  t h e  beacon reiiestance i s  t h e  m n j n r  
unknown i n  s i z i n g  t h e  l u n a r  beacon. 
y s i s  of t h e  problem by But ton  ( 1 3 6 4 ) ,  Marks ( 1 9 6 4 ) ,  and o t h e r s  have 
p r e d i c t e d  o r  e x t r a p o l a t e d  losses i n  s p e c t r a l  r e f l e c t a n c e  from between 
1 and 50 p e r c e n t  due t o  uv ,  h i g h  energy p r o t o n ,  and m i c r o m e t e o r i t e  
impingement. No space  cxperirnental  d a t a  are  a v a i l a b i e  t o  L o r r u t o r a t e  
t h e s e  a n a l y s e s ,  though an  experiment  i s  now be ing  planned t o  s t u d y  the  
d e g r a d a t i o n  of r e f l e c t i v e  samples i n  space .  
E m p i r i c a l  and expe r imen ta l  a n a l -  
Unprotec ted  aluminum h a s  a p r a c t i c a l  v i s i b l e  r e f l e c t a n c e  of 91 
p e r c e n t .  T h e r e f o r e ,  t h e  assumed r e f l e c t a n c e  v a l u e  of 0.80 p e r c e n t  
would allow a n  11 -pe rcen t  r e f l e c t a n c e  loss  due t o  l u n a r  d u s t ,  c o a t i n g  
t r a n s m i t t a n c e ,  m i c r o m e t e o r i t e  damage , c t c .  , and appea r s  v a l i d  based 
on sone r e f l e c t a n c e  p r e d i c t i o n s .  
Sil icon-monoxide-overcoated aluminum has a v i s i b l e  r e f l e c t a n c e  
of 8 7  p e r c e n t  , when d e p o s i t e d  under s t a n d a r d  development c o n d i t i o n s .  
Though t h i s  r e f l e c t a n c e  system i s  4 p e r c e n t  lower t h a n  aluminum and 
a l t h o u g h  s i l i c o n  monoxide c o a t i n g s  a r e  more s u s c e p t i b l e  t o  f a i l u r e  
when f o l d e d  over  s h a r p  c o r n e r s  a s  i n  a n  i n f l a t a b l e  beacon,  aluminum 
c o a t i n g s  ove rcoa ted  w i t h  a 1 0 0 a - m i c r o n - t h i c k  s i l i c o n  monoxide c o a t -  
i n g  show 1 . 2  t imes l e s s  d e g r a d a t i o n  over  comparable i n t e n s i t i e s  of  
s i m u l a t e d  m i c r u i w t t s r l t e  flr!z. S i  1 i c o n  monoxide o v e r c o a t i n g s  have 
t h e  added advantage t h a t  t hey  a r e  much more e a s i l y  c l e a n e d  t h a n  
aluminum a l o n e .  Quar t z  -overcoated aluminum w i l l  y i e l d  r e f l e c t a n c e  
v a l u e s  of 88 p e r c e n t  over  t h e  v i s i b l e  spec t rum and l!,:vc h igh  a b r a s i o n  
r e s i s t a n c e  a l s o .  However, q u a r t z  o v e r c o a t i n g s  a r e  s u p p l i e d  by on ly  a 
l i m i t e d  number of i n s t a l l a t i o n s  a t  tliis t i m e .  
Note t h a t  t h e  r e f l e c t a n c e s  c i t e d  a r c  lower t h a n  t ex tbook  o r  cx- 
p e r i m e n t a l  r e f l e c t a n c e  v a l u e s .  Tbc>se lower v a l u e s  r e p r e s e n t  p r a c t i c a l  
minimum l i m i t s  f o r  a metal  mi r ro r  f o r  t h i s  beacon Frogram. Beacons 
w i t h  p l a s t i c  s u b s t r a t e s  w i l l  have lower r e f l e c t a n c e  v a l u e s .  
6 .  SEEING C O N D I T I O N S  
For  t e r r e s t r i a l  t e l e s c o p e s ,  used e i t h e r  a s  pho tograph ic  o r  v i s u a l  
i n s t r u m e n t s ,  t 5 e  l i m i t i n g  angu la r  r e s o l u t i o n  w i l l  determine t o  a l a r g e  
e x t e n t  t h e  d e t e c t a b i l i t y  o f  a g iven  beacon s i z e ,  S ince  f o r  most ob- 
s e r v a t o r i e s  t h e  t h e o r e t i c a l  r e s o l u t i o n  of t h e  t e l e s c o p e  i s  ach ieved  
1 0  p e r c e n t  or l e s s  of t h e  n i g h t  t ime ,  s e e i n g  i s  used i n  t h i s  a n a l y s i s  
a lmos t  i n t e r c h a n g e a b l y  w i t h  t h e  i n t e g r a t e d  a n g u l a r  r e s o l u t i o n  o f  t h e  
d e t e c t o r  i n s t r u m e n t .  
S e e i n g  is  a f u n c t i o n  of t he  changes i n  t h e  i n d e x  of r e f r a c t i o n  
o i  t h e  atmosphere t h r o u g h  which t h e  o b j e c t  r a y s  pass t o  r e a c h  t h e  
t e l e s c o p e .  S e e i n g  i s  t h e r e f o r e  an a n g u l a r  c o n d i t i o n  rat!icr t h a n  a 
uniform loss  of i n t e n s i t y  which i s  a t r a n s n , i t t a n c e  l o s s ,  o r  a non- 
un i fo rm l o s s  of i n t e n s i t y  over t h e  a p e r t u r e  c a ! l c d  s c i n t i l l a t i o n .  
G97G- A - 1 8  
t 
APPENDIX B 
A P P L I C A T I O N  OF SUN-PUMPED LASER FOR LUXZii BIACON 
A sun-pumped laser u t i l i z e s  r e f l e c t e d  photons from the sun  t o  
e x c i t e  a Yt t r ium Aluminum Garne t  ( ' i . iG) la.;ei- r o d .  Nor imi iy ,  1,lseis 
are e x c i t e d  by photons from a f l a s h  tube  o r  a n  e l ec t rode  d i s c h a r s e .  
1. ADVANTAGES AND DISADVtINTAGES 
The u s e  of a sun-pumped l a s e r  as  t h e  l i g h t  soiircci. i o r  a l u n a r  
beacon i s  a t t r a c t i v e  because of the power sclxnings a t t e n d a n t  w i t h  t h e  
d i r e c t  u t i l i z a t i o n  of s o l a r  energy.  IIddiLioncil  advan tazes  i n c l  .de 
t h e  ease w i t h  which t h e  o u t p u t  may be c o l l i m a t e d  and d i r e c t e d ,  u5ing 
small o p t i c a l  conponcn t s ,  and t h e  e a s e  w i t h  which i t  may be modulated.  
The p r i n c i p a l  problem i n  t h e  u s e  of a sun-pumped l a s e r  as a l u n a r  
beacon i s  p r o v i d i n g  adequa te  c o o l i n g  f o r  t h P  l a s e r  material  i t s e l f .  
The mechanics of t r a c k i n g  t h e  s u n  w i t h  t h e  l aser ' s  c o n c e n t r a t o r  
m i r r o r  and aiming t h e  l a s e r  ou tpu t  t o  t h e  e a r t h  are  problems c m o n  
t o  o t h e r  l u n a r - s o l a r  t r a c k i n g  beacons usin:; o r i e n t e d  s o i a ~  ~ c l 1  
p a n e l s  t o  s u p p l y  e l e c t r i c a l  power f o r  o t h e r  t y p e s  of. l i g h t  s o u r c e s .  
T h e  f o l l o w i n g  s u b s e c t i o n s  p r e s e n t  some d i s c u s s i o n  of sun-punped 
lascrs  and i n c l u d e  d a t a  from r e c e n t  EOS expe r imen t s .  S u s g e s t i o n s  are 
i n c l u d e d  f o r  p o s s i b l e  work t o  b r i n g  sun-pumped l a s e r  beacons c l o s e r  
t o  a f l i g h t  hardware s t a t u s .  
2. CHOICE OF MATERLILS AND SOLAR CONCENTRATORS 
The laser material  chosen m u s t  have broad pump bands i n  t h e  s o l a r  
spec t rum and as low a t h r e s h o l d  a s  p o s s i b l e  a t  t empera tu res  i n  t h e  
v i c i n i t y  of 300 K. A complete  survey of laser  materials t h a t  have 
bccn i n v e s t i g a t e d  was r e c e n t l y  pub l i shed  by EOS ( R e f .  1). O f  a l l  
t l ie  m a t e r i a l s ,  n e o d p i u n - d o p e d  YLIG a p p e a r s  t o  be t h e  bes t p r e s e n t l y  
0 
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I n  p r a c t i c e ,  the  c o n i c a l  l e n s  is  f i l l e d  w i t h  a l i q u i d  which s e r v e s  
t o  conduct  h e a t  from t h e  l a s e r  rod .  A s p e c i a l  t echn ique  f o r  p r o c e s s i n g  
a 3M f luo rochemica l  FC-75 has  been developed  and has made i t  p o s s i b l e  
L O  u t i l i z e  i t s  e x c e l l e n t  c o o l i n g  c h a r a c t e r i s t i c s  i n  t h i s  a ; , p l i c a t i o n .  
It i s  p o s s i b l e  t h a t  t h e  c o o l i n g  system cou ld  be des igned  s o  as t o  
u t i l i z e  t h e  back s i d e  of t h e  s o l a r  c o n c e n t r a t o r  f o r  r a d i a t i v e  h e a t  
r e j e c t i o n ,  t h e  c o o l a n t  be ing  c i r c u l a t e d  i n  t u b e s  a t t a c h e d  t o  t h e  
c o l l c c t o r .  
3 .  EOS EXPERIMENTS 
The p r e s e n t  EOS sun-pumped l a s e r  u t i l i z e s  a 30-inch e l e c t r o f o r m e d  
3-i- 
m i r r o r  t o  produce 45 m i l l i w a t t s  from a Nd :YAG laser rod .  The t h r e s h -  
o ld  h a s  been observed  t o  cor respond t o  t h e  r a d i a t i o n  r e c e i v e d  on 
a p p r o x i n a t e l y  h a l f  t h e  m i r r o r  a r e a .  The 4 5 - m i l l i w a t t  o u t p u t  w a s  ob- 
t a i n e d  when t h e  measured s o l a r  i r r a d i a n c e  w a s  950 wat ts /cm a t  t h e  
c o l l e c t o r ,  which i s  abou t  [to p e r c e n t  less than  t h e  s o l a r  c o n s t a n t  i n  
space  (1350 wat t s /m ) . 
2 
2 
The p r i n c i p a l  a r e a s ,  unique t o  sun-pumped l a s e r  beacons , where 
a d d i t i o n a l  e f f o r t  cou ld  be of most b e n e f i t  are t h e  fo l lowing :  
1. Improved s o l a r  c o n c e n t r a t i n g  sys tems 
2. Improved laser materials 
3 .  Design  and development of c o o l i n g  sys tems 
EOS i s  c u r r e n t l y  engaged i n  a company-sponsored program t o  
improvc t h e  o p t i c a l  s y s t e m  fo r  c o l l e c t i n g  and c o n c e n t r a t i n g  the sun's 
ene rgy  on t h e  l a s e r  r o d ,  Hemispher ica l  c o n c e n t r a t o r s  a r e  be ing  
i n v e s t i g a t e d  and a d d i t i o n a l  work should  be devoted  t o  o thcr  ~ y p c s  of 
s y s  t e m s  . 
The second area i s  p robab ly  t h e  most f r u i t f u l  from t h e  s t a n d p o i n t  
of i n c r e a s i n g  t h e  laser o u t p u t  per  u n i t  beacon weight .  The g o a l  i s  to 
o b t a i n  a b e t t e r  match between t h e  pumping spec t rum and t h e  a b s o r p t i o n  
spec t rum.  The t r i v a l e n t  r a r e - e a r t h  c r y s t a l  h o s t  lasers have v e r y  
nar row and r e l a t i v c l y  weak 4 f -4 f  p a r i t y - f o r b i d d e n  a b s o r p t i o n s  and so  
6376-NL-4 
c x h i b i t  i n h e r e n t l y  l o w  system e f f i c i e n c i e s  when puiiped w i t h  any  of 
thc  h igh -ene rgy  broadband s o u r c e s .  Work i s  bein, :  done i n  t h e  d i r r c -  
t i o n  of ene rgy  t r a n s f e r  from a s t r o n g  broadband a b s o r b e r  c o e s i s t i n c ;  
i n  t h e  l a t t i c e  s t r u c t u r e  t o  the  r a r e - e a r t h  laser i o n .  I n d i c a t i o n s  
are  t h a t  a n  i m c d i a t e  g a i n  of  2 i n  e f f i c i e n c y  (Yt 'G:Nd , c r  i s  
a v a i l a b l e  and long-term g a i n s  of n e a r l y  a n  o r d e r  of magni tude may be 
e spec  t c d .  
3-1- 3-9  
F r c m  t h e  StindFnint of  b r i n z i n n  abou t  a p r a c t i c a l  working beacon,  
t h e  i n v e s t i g a t i o n  of a p p r o p r i a t e  c o o l i n g  s y s t e m s  i s  of ex t reme impor- 
t a n c e .  I f  t h e s e  e n g i n e e r i n g  p rob lens  can  be  so lved  , t h e  succcss of 
tlic sun-pumped laser beacon i s  a s s u r e d .  
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APPENDIX C 
COMPUTATION OF TIME SPENT I N  LIGHT CONE BY OBSERVER ON EARTH 
€ 
1 ‘  K1 = s in-  - sinH 2 
When, K1 < 0 ,  t h e  r e f l e c t e d  l i g h t  i s  n o t  v i s i b l e  from ’1 7 e l ,  .
When, K1 > 0 ,  t h e  r e f l e c t e d  l i g h t  i s  v i s i b l e  from 3 
When, K = 0 ,  t h e  r e f l e c t e d  l i g h t  becomes v i s i b l e ,  o r  j u s t  c e a s e s  t o  
* . 
1’ ‘ I ’  
1 
t o  be v i s i b l e ,  from Y l ,  o1 . 
Here, 31, a r e  t h e  l o n g i t u d e  and l a t i t u d e ,  r e s p e c t i v e l y ,  o f  an 
o b s e r v e r  on t h e  e a r t h .  A l s o ,  € 1 2  = h a l f  a n g l e  o f  l i g h t  cone 
(&/2 - 1 6  min. of  a r c ) ,  where 
-1 
5 
Here, R = r a d i u s  o f  s u n  = 6.965 x 10 k m ,  R = sun-moon d i s t a n c e ,  
g i v e n  by 
S s m  
R s m  = L [(R e x -em + Au -s e j2 + (Re Yem + Au Y S e j 2  + (Re Zem + Au Zse  
- 
where ,  X 
e a r t h ,  t a k e n  from t h e  J P L  ephemeris  t apes ,  and Re = r a d i u s  o f  e a r t h  = 
6378.3255 km, Au = a s t r o n o m i c a l  u n i t  = 149,599,000 km. 
i s  t h e  a n g l e  subtended a t  t h e  r e f l e c t o r  between t h e  a x i s  o f  t h e  l i g h t  
cone  and a l i n e  from t h e  r e f l e c t o r  t o  t h e  p o i n t  3 q4 on t h e  e a r t h ’ s  
s u r f a c e .  Here, 
--- , Zse  a r e  t h e  normalized c o o r d i n a t e s  o f  t h e  moon and -em ’ 
The a n g l e  H1 
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(v12 + v 2  2 
s inH = 
1 1 U U Z  
where 
BC1 - B I C  
D v1 = P,(B - B1) + PY(C1 - C) + 
A I C  - AC1 
'' - p (A. - A )  + D (c - c , )  
v 2  z .  n 
AB1 - A I B  
D v3 = Py(A - A1> + Px(B1 - B) + 
A 2 B '  2 + Q'2 
u = [(Px + 5) + \Py + E/ + \Pz 
are g i v e n  o n  p .  9 o f  the p r o p o s a l  t o  
x '  Py'  pz 
T h e  e x p r e s s i o n s  f o r  p 
MSC,  and e x p r e s s i o n s  f o r  A ,  B ,  C and D are g i v e n  on pp.  2 0 - 2 1  o f  t h e  
August - - - - th l  t t t U L I C L L r y  r e p o r t  . F i n a l l y ,  
X - 
c1 - R e l x  x31 + R e l y  32 + R e l z  33  
F. = K s i n ; ,  e l z  e 
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